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Abstract

L

v

M 3 .
Unlike previous research in stimulus control, where a single stimulus
X

-
“

co'n_;es to co'ntr.l a sir}ﬁle response, this study looked for Conditions that

R

can rapidly establish continuous stimu!u?; control of continuous rcSpoNSseame
variations. or '‘response x;napping‘. " Fivg-year-old children receivedy
errorless dxscnmmatxon trammg &t three points along a circle-to-ellipse
cortinuum iollowmg one of two different pretraining condxnons whxch

_ . showed no-difference in, later acquxsxtxon. They were then tested on two

) - - ———— *
divided into two test groups and tested under conditions in whichAfa) the '
correct responses bore a spatial relationship to the ordering along the
continuum, or {b) the spatxal loc ation of the correcteresponse key bore a

cdhstant but unordered relation to the\stxmulx. Subjects learmng the
N
ordered test acquired the ntw, test responses faster than those in the

a

kY
unordered condition. Discussion of the results considered the effect of

stimu]i intermediate between two of the training stimuli. Subjects were
discrinvination training, the errorless procedure, and response-produced
A
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- feedback. *
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ESTABRISHING A CONTINUOUS REPERTCIRE

€ rd

Ig"amcla Moadowgrof? and Janfes G. Hollz}nd

N N

Learmn;., Research and Development Center.
- bmvcrsxty of Pittsburgh

)

Many natural behaviors involve the control of a response continuum
by a stimulus continuuni, llor exar:xplc. to the artist a person's face is a 4
complex continuum of light and linés which controls the c"ontinuous move-
ment of the artist's brush. Thu extent to which the artist can dxstmgmsh
the subtle changes (R h,,ht that makt up facjal contours dctermmes the
likeness of the portrait to the model's face. For every discriminated
line and subtle change of light, there is a co\rrespronding brush stro}«:
which will nurror this stimulus. P}ay'u;g. tenpis is another example.of a .
continuods relationship bet‘Ween sttmuli and responses. The position of
an Spponent'b Lody 1s the controlling stimulus for the tennis player's own

body positivn. Slight changts in the opponent's position control move-

ments of the player. When behaviors like these show probressxvcly dif*

ferent respunses 1n proportion tu progressively different stimuli, then
¥
there if a u6ntinuoys repertoire of behavior (Holland & Skinner, 1961).
Drawm;, {rom a .opy. hand\\ riting, playing the violin, singing on key,
_riding o bicycle, and many other niotor behaviors require continuous

repertojres for accunate performance, e
t o .

As conmunplace as these Kinds of behaviors are, we have scldom

- ] R
attempted an experunental analysis of their development. lnstgad,

research in stimulus control typigally onfines the response to a single

topog raphy. while rescarch in response \arxabilit}l leaves the stimulus
A : . .
conditions unvaried. ‘The few studies that do measure cham,es"m

Aruitex: providea by enic [
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response topography as a functxon of stimulus change typically train a few

.o

responses from a response continuum to a fe'v stimulus points from a
stimuius cont\nuum (Boakes, Wo‘), Herrastein® & van Sommers, 1962

Migler, 1964 ledemann & Holland, 1972). Aftet this training, stimu-

Ins values mtermedxate to the training ones are expectettto evoke inter-

I

mediate .espondxnp without the xntermedxate responses themselves being
( seinforced. In other words, traxnxng fairly gross continuous control of |
stirauli over grossly different responses shotld generalize to rimilar
, .

& stimuli and responses. ’I‘hxs generalization would result in, finer stimulus

control of more subtly varying responses.

L However, close examination of this research shows no emergence of
true intcrmediate responses and, therQefore. no evidence for the emetgence
of,a finet continuous relationship between stimuli and responses, Some
apparent intermediate responding merely reflects a combining- 8f traxned
responses thar when averaged, shows an artifactual intermediate response
(Herrrdstein & van Sommers, 1962' Migler, 1964). For example, rats were
traxned in the presence of a slow chckmg noise to switch from one bar to
another after a 6-second delay; whilg in the presence of a fast click rate,

. they were traxned to'press the two bars with no delay (Migler, 1964),
~ 9 Dnrmg tests witheintermediate click rates, the average response delay

‘ 1 was between the 6-second dela‘y and no delay However, a close look at

each test trxal showed only one or the other training delay so that the'over-

-all intermediate delay was an artifact of averaged data. Other apparent

evidence for finer mapping of responses to a stimulus contxnuum after
training only a few stimulus and response points is qudstionable because

of the possible effects of stxmulus dynamxsm (Boakes, 1969). °Rats again

were traxned to press two bars at various delays for different intensities ™~

-

of light, ai;er which intermediate test intensities were presented. Appro-

priate intermediate response delays did emerge, but only when the brighter

stimulus values corresponded to_shorter delays'between bar presses. When

ERIC + ~ Co
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fast xfsponcling vl shourt delays were reinforced during dimmer stimulus
values, novel, intermediate stimuli failed to show the eﬁmergence of cor=

. responding interanddiate response delays. Thus, the apparent ingermedi-
ate response delays wese « function of a relationship between stimulus
intensity and speed of respending and not duc t» the development of a con-
ti.nuous repertoire. One’study with unequivocal results'trained, several
response positions on a continuous long key to several tones, and, con-"
trolling for.an_y peruliar stimulus dynamism effects and without averaging

responses, the results.showed no intermgdiate responding in the presence

of inte rmediate tones (Wildemann & Hollall'ld 197.2). enqral then, the

simple training of a few ?imulus and'response points \is not, sufficient to

condition a continuous lC‘pLX‘tOIl’O, that is, finer continuduys stimulus con- -
1]

i lrol than that wh\ch is trained.

]

‘But it is not surprising that finer variability in responding doe3~not

emerge since during the above training procedures any response inter, 2

-
.

. . 3 : . : M
mediate to the training responses undergoes extinction which may offset
any tendency for intermediatesstimuli to evoke intermediate responses *
- .

durind tegting. Murceover, since the typical training procedure requires*

v in

extensive tratning. regponses are effectively anchored to trained topogra-
phxc;‘s. that is, stereotyped responding is enhanced. Some research sug.-
gests that an efrorless procedure, which trains a discrimination rapidiy
lMoox_'e & Goldiamond, 194, Pcwers, Chex;ey, & Agostino, 1970; Terrace,
. 197 'I’ouchqcne. 197T), could reduce this anchoring {Cohen, 1967). With
rapid training and the reduction of extinction tfxrough an errorless training
procedure, more response variability may occur which would increase the
possibility o} experimentally demonstrating a'x.ontinuous repertoire. But
' there is no literature or theoretu.al basis to presume variations fro)m ’
-nrmh r(’prﬁbC‘b would come under the contrel of nontrained stimuli
» without further training. On the contrary, the evidence t date suggests

that values from a,stimulus contiruum come to contiol corresponding

ERIC © - o 7 o
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" nate among the produced notes.

-

L]
and Sk;nner (1961) emp‘zasxzed the role of comparmg response. -producéd .

responses only after extensive point- by point training., However,_ thxs '

. s!ow cohdxtxomng is not characteristic of the apparent rapxd acqmsw.txon .

of chtinuous repertoi)res in_ the nztural environment, It.sgems‘most un- *

h hkely that each shght move of a pencxl in produczng a pattern or a letter
undergoes%such extensive trammg. Wxth this apparent raprd vau.sxt;on in
mird, an expenmental look at contmuous repertoxres should abandon test~

spondences from the.training contmua ghould contu\ue to be reinforced, '

-

The ease of learmng these new stxmulus and response pomts under various

ing fiew stimuli in extinction, lnstead, new stimulus and responfe corre-

conditions would teach us much about the development of continuous rela-

s

-~

tions between stxmulus and response dimensioq,s.
Naid
4

- -

-~

In speculating op the rapxd learmng of a continuous repertoire, Holland
& -

im

st

=

muli (feedback) l:oA stimulus values from the experimental contmuum for
quxck a‘xtomatlc, differential remforc'ement so that any addinonal sumulus
and reaponse points could be quickly learned. For example, the precisxon

of smgmg a tune, the match betwcen a sung note and a Sorrect note; de-

velops from the automatic remforcement of hearmg onc's own voxce. This
reinforcement is differential only to the extent that the smger can diserimi-~ =
Thercforc, the simple training of a few '
notes would nét be suffxcxcnt to condxnon a fine- -grained repertoire for on-
ngu_lg.

)» digcrimination training among musical notes and produced notes”

‘key Based on the theoretxcal analysis of Holland and Skinner

(196

would-speed-up-the. learning of‘accurate on-key singing, = ! "

~ h_‘. 3
oyt . ~ 1
‘ -

Thr

improving art).culatlon of s.peech sounds (Holland & Matthews, ,1963).

x‘ole of dxscnmmated stxmgh is xllustrated by applied worK'in -

L]
.
*

.Children who had speech difficulties with the /s/ sound Were given dis-

crimination’ tralmng along this dimension, Obscrvanonal results indicated’

§pontaneous vocahzatxons oi the correct speech sound during dxscrimina-

tion traxmnq and’ prxor' to actual productxon traxmng. Smcc subjects had "




N . . . . . L4
learned to discriminate between correct and incorrect Sounds, they wefe

then able to adjust their produced sound to ma‘tch the aprrect /s/ pronunc,xa-

tion. Once correct aud Jncorrect /s/ sounds fvere dxscnm’nated only -

.

fec-dback from a correct /s/ pronunciation would sérve as r mforcemel’!t. .

- This match between the proper sound and the produced or feedback sound

becomes a rexnforcer which can then maintain and continue to shape cor~
Ly

rect pronuncxatmn. . .
B ¢ . / .
. L4 .
R The possxble importance of dxscrxmmated.feedback as 1t relates to con- .
3= .
. tinuous repertolres suggests the need for systematxc re&earch. However,

_no research.ha$ touched on thxs problem. In keeping .continuity with pre\:i-

ous research designs, several peints of correspondenge between the experi~ ‘
mental stunulus and respor‘se continua should be trained; but in addxtxon to
bxmry, dxfl'erentml reinforcement (a remforcer when correct and no Fein~
forcer whcn incorrect), a feedback stimulus should follow each response. : *
mn.e above analysxs oi' feedback, a comparison between the feedback"

and sample stimuli could provxde‘ a continuum of more precise remforce-
0‘ ’ -
ment. o S : .

Vv - -z

’ . T *
Such a continuum of reinforcement should famhtate speedy learning if
\cer!am olher condm.ons are met. In the previous rese‘arch,zthe new inter-

) - AM . y s ‘.
mediate responses were never 'reinforced during trajning, Extinction of
- Ve, nng.

. ' . « _ L -
-these responses tnay retard develdpment of mtermedxate‘responses and, .

x

therefore, exhncuon might best be avoided if speedy continuous repertolre - ’>

dcvelopment is thc objective. a(ldxtxon, thege typxcally Ras heen no dis-

-

cnmmatlon braxnmg of values from the stclmulus contxn\{um- If nbvel, inter-

‘mediate ‘mmulus value&are functionally the same as the training values,

B L -

then there xs no yeason to ever expect: fm(?r response mapping ‘to new - -
stimuli. Furthern}pre. without such discrimination, the fee_dback stimuh ‘
L]

coul'd not provide fine-g Lamed dxfferenhal reinforcement for a match be=

.-
tween the feedback’and the samp}e stxmuh. Only wlien subtle variations™ & .
- - . N » . . N
+ in the produced stimmli are discriminated“can this feedback provide the ,
[ -~
., ) ) N ~ 5 . ! .
- )
S I ) s ) ' . .
- ERIC™ . U9 S
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:' auto&natic, differentxal remforcement for correspondmgly subtle var;ations ‘
in responses. The remforcmg, precxsxon of feedback stimuli is é\uy as goqd B ;
as the dxscrxmmat:on of the feedback stimuli. Consequently, the establish-

R . ment of the\se dtscrxmmatxve akxlls‘could be crucxal§r the.rapid learning

LN \

\ A\l
of a continuous relatxonship between stimuli ahd-res onses, “ :

From these suggestxons a-clear demonstrm of a contmuqxs reper-
._I. toire may be possxble under cértam’optxmal condmons. The £dllowimy
. experiment setsrup ideal conditions for the laboratory developm\nt of a
s - conitihyous r pertoire_by fxrst mwrmg dxscrxmmable feedback. In*adgi- . J
: tton,.ezctmctxon durmv traxmng of mtermed;ate. nontQamcd responses.is ) ’
. preventedﬁ a.a is .:vortramed, stereotyped respondmg. And fmally, ifa
finer contmuous répertoire than that whxch‘xs trained will not emergetull- - |
blown, but xs instead characterized by rapid lear,m.ng of each new point,’ '
lhen testing durmg extmct;on is inappropr;ate.. To measure this rapid

. learmn;, the preaent study Jooks at the acquigdition of new\snmulus and

. . response points yndexr continued reinfogrcement. Under these conditions, .

v " new, inte rmediate responses may quickly become contrqlled by inter-=
. L -
* T cmediate, novel stimuli. * o o R .
la a A"‘ ' v ' ’ \ . ; ) '
N R Method N o . .
» . a
- -, - .e ,
‘Subl‘ects h B , . N . p v
hd -
Thirty-six 5- to 6-year old childru&\rom an urban school served as
subJects.‘ N . o « v -
A . % ‘o , “ N . ) -
\ .. i Lt -~ ¢ * CEEN
Apparatus Ty ’ LT . e v v

. The apparatus was a 20.3 cm x 40, 5 cm x 23 cm black apd_ yellow

metal box. The upper front of the experxmental box had a row of«th:ee ..

2.6 cr’n x 2.6 tm transparent plexiglass keys nocated 3.8 cm from the top

aof the box and 4,1 cm apart. On the lower front, 4.5 em below the upper ‘ o

0 . «

« -

x




- & ‘5:? (\ -
tbrce kl;s. ‘was one long key, Z 6 ecm x 30 cm, The upper three keys

\ wc;e hifiged at the fides and had microswitches on the opposite side.
Each mxcrosthch was*actxvatcd by the movement of the plexxglass key.
'Phe long key was a strxp of glass with an electrxcally \.onduch.ve surface
(\Jcsa glass), . Thi: Nesa glass was e.tr;hed into five 2.6 cm x 6 cm elec- 3

-trxcally dlsunct areas, An Eico TouZh watch which was agtiyated when .
the glass was touched, was connected fo eash of five areas. Behind each

_of the upper three keys and the five ‘areas along the lower long key was a & .

‘One-Plane -Readout Pro;cctor which projected the stimuli. All stimulus%;
/

events and recordmg of data weraautomatically controlled by electro-
[ ]

mecjanidal equxpmmt housed in another room, . "
2 ” - «
’:"”-‘ Y S S .
A 1xc‘pretraming and trz_xining stimuli‘are illustrated in Figure 1,
‘Y \ e I ¢ ) R '\l ' - -~ \

* * . . A it .
A @

3

|

o e . ® > - C T S
) 'Y N o .- .
. . . . ’\ It \ . @~ . «

Sumuh used for pretraining and training. Progrestively flatter ellipses semd as the
training stimulus diménsion®for all subjects, with these ellipses also serving a8 the
pretraining sumuh for the prediscrimination group and thelgeometric shapes serving
as pretraining stimuli tor*the nonprednscnmmahon group, '




. . . . . . 8
) During tx-ain'tng.and t.ef&xting, the experimehtal 's&mul\xs gontiﬁ‘uum foxl- all

| subjects was ellipse height. Fromgthxs dimension,. fwe progressively .

" flatter ellipses ranging from a circleto a nearly t‘lat cllipse served as. the

expenmental valueg. For pretrammg,, subfects receiyed dxs%nmmation

trdmmg of jeither these five elhpses *(the predxserim&:tion condition) gr,

for control purposes, five nonelhptxcal geometriq shapes (the nonprelhs-

. \
o . crilnination tondition). . . N :

-®

N ! ) " 4 N « .
Procedure ) L . \ AR ‘ v v,
a0, S :
SubJects were escorte(i‘ om a playt)oom to the oxpénmentabrogm.

Each child was scated before the expe,un'{(;ntal box and told thau: durmg.‘ .
N ~.thrawgarxﬂ:“’am,'txme they were nght they #euld hear a bell chtme dnd they
would. get an M&M. If a11 three expenmental stages we:;e not completed

by the end of 30 mmutes. then the subjects, wc-r‘;e asked to remrn the next*

€. N 4y S
day to complete she.gamc. . . ) .
. Pre!raming Each child was assigned random}y to exther the prcdxs-

crimma.txon or.nev prediscrimination group. At the beginmng of‘each trial

v for both groups, one of five gedmetric shapes, dete rmined by a, x-andomized
sequence wired on a stepper, was presented on the unper‘center key, For
the predxscnmmation contlition these shapes were empses of varying o "
hex&!\ts (t}xe lqbgth‘of the minor axis); for the nonprediscr\uninatign condi=
tion the shapes were nonelliptical geometric forms, Subjects were in-
structed to touch the centpr picture whic‘lnresplted in the Ppresentation of
the comparisc;n stimulus{n the righttkey while the standard stimulus re- ,

mained on the center )my and the left key remained blank\ The compagi- |

"son stimulus was exther identical to the standard or was one of the other '

‘four* stimuli. Subjects were told t}touch the comparisort stxmulus 1f it

, matched the center stimulus. If the comparison stimulus was diﬁ'erent

from the standargl stxmulus, subjects were told to touch the blank left key

ERIC . ¢ . - Sl

. ‘e R . .
. .




(see F\gurc Za). A response to one of the sxde keys turned off both the
staii}?rd and comparxson stxmull a'hd 1mtxated a 3-second intertrial 1nter-
I

\4

2

f the response was correct, a bell sounded, an M&M was dxspensed.
ard a new trial began thh a neW¥ Standard stimulus at the end of the inter-
trial mterval. A correctxon procedure was used in which if any incorrect

» . choices were made, the 3-second intertrial interval was mm.ated imme-
. .. dlately and the next trial began with the same standard and comparxson
] stimuli., After reachxng a criterion of 8 correct responses out of 10, sub-

A JI: began the next stage'of the procedure.

‘ . Training. Both gro‘:.'xps rscexved identical traxnxng with three positions

3 . ‘ on the response contxnuum trained to three values from the ellipse c,ghtini

“

urg, ., .~ , P

) - *

The erroﬁessctechniq'ue used was adapted from Touchette's (1971) ‘
errorless procedure. Touchette first establishes stimulus.controlby a * o
salient, cue stxmulus.‘.d','[hxs cue stimulus.is then superimpoded over the A
< "posxt::e stxmulus (S+). lmtzally. cue stlmuluﬁonset occurs thh the onset <
) , of the S+ but on suecesswe cofrect trials, the onset of the cue is pro-

gres sxvely delayed iro‘m the onset of the S+. The subject_ eventually begins |
to respond before the cue, thereby demonstrating a shift of control from | .
this cue stimulus to the S+, When thzs shift occurs, the subject reaches 3

'3‘ S+, nespondxng thh few errors, xf any.

LI
n

) ’I‘he pres’ent study~began this training with the random .projection of one
] of three stimulus values (ellxpse 1, 3, or 5j onto the upper center’ key. Sub<
jects were told to touch this sampl& ellipse and then to ﬁnd the matching
ellxpse which was now hxdden somewhere behinq the lower long window,
‘. lnl‘xally, there was sxmultaneous presentations of the Qample ellipse and
. “a ‘réd. cue light on the appropriate correspondxng area along the lower Lz
response continuum ubJects were told that thxs red lxght tells them A

where the matchmg lipse ig hidden, but that they should try to "beat the

i e . R *
. .

Aruitoxt provided by Eic: -
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red light" during the game. The; cue stimulus was manually delayed in

increments of 1/2 second following each correct trial; after an incorrect:

trial the red light occurred 1/2 second sponet. When the subject touched,
any response area, the red hght wa% turned off ‘and a response%roduced' Rt
stimulus. the ellipse correspondmg to the area touched -was proJected

onto that area for 2 seconds. If the subject touchéd the correct area, an

elhpse matching the sample ellipse was projected onto that response area

and a bell gounded while an M&M was dispensed. After an, xnte rtrial mter-

val of 3 seconds, the mext sample stimulus was pro_)ected. When an incor- !
rect response area was touched, the projected feedback ellipse did not

match*the sample, and following the 3- second xntertrxal xnterval, the same
sample stimulus was presented again (bee Figure 2b). Subjects continued

to respond accordmg to the above procedure until they reached a criterion

of 8 out of 10 consecutively correct responses without the cue light, .Having

reached this criterion, subjects from both the prediscrimination and non-

prediscrimination groups were randomly assigned to one of two test con-

dxnons.

Testing with a learning measure. 'Ihe rapid learning of stimulus and

_° Tesponse points ordered along continua was gaugca by comparing the learn-
ing of ordered stxmulus and response points with the learning speed of
separate stimulus and response points Bhat have no ordered relationship.
The present study made ti\is comparison by training three points from the -l
stimulus and response continua (S1-R1, S3- R3, and §5-R5) and thgn con-
ttnuing to train stimulus and response points intermedxate to these, The

‘mtermediate points either followed the trained order (S2-R2 and S4-R4) . -

or reversed this order {S2-R4 and S4-R2). (See Figures 3a and 3b ) II I
conditions cdnducive to the rapxd formation of a continuous’ repertoire a
were present, then learning the ordered, xntermedxate stimulus and e~

sponse pairings would be facxlitated. Any tendency to miap reaponses

along a continwum to stimuli along a continuum would interfere with the
- : . . 1. -

+

e 10

N ‘ - €.
S | ’ 14 BRI
ERIC - 7 ~

PAruntext providea oy enic IR




. A .
Figure 2a, The ordered test reflects ordered pairings of novel stimuli and responses {S2~R2) and (S4~R4).
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R acquisition of the ~v.‘xnordered, i'ntermediéte stimulus and res;onse' pairs, .

: L»«On~the«a6ther—*hand, if ‘conditions neces.sary~£or~ the -rapidwacquisition«of-am
continuous reportoxre were not present, then the ordered and unordered -
tests would be of equal difficulty. The speed or ease with which the o

ordered problem is learned relative to the unordered test would then indi- ‘

cate the extent of continuous repertoirev development.

SubJects began thxs continued learning task as an extensxon of the
traxmng sessions. At ‘the end of the training stage, subJects were responds
ing approprxately to stimuli 1, 3, and 5 without cue light superimposm.on.
The cue hght continued- to be absent during testing, and all appropriate
responses continued to be reinforced. The only change from conditions
present at the end of the training stage was the introduction of two new
stimulus and response points. Half the predxscr;mmatxon andrhalf the non-
prediscrimination subjects learned the ordered task in whxch responses to!

«’ area 2 during stimulus 2 and area 4 during stxmulus 4 were reinforced,
' -~The other half of the subjec ts learned the unordered task in which the
“ stimulus and response correspondences were not contmuous, where a
. response to-area Z durxng stimulus 4 and a response to area 4 during
stxmulus 2 were remforced. The acquisition of the stimulus and response
. " correspondences continued for both test groups until ther‘g.was a block of
10 trials in which at least 5 out of 6 trials of the new intermediate tes{:

4:\ shmulx and 3 out of 4 trials of the three trained stimuli were correct

. . 3

) Ly : AN i .
. Re;ults. LR . X
* ) '\ - * A . b4 v »>
Pretraining Results - o . : >
’ - -~ hd »
L. Overall very few errors were made during dxscrxmlnatxoxytrainmg of ¢

- the ellipse dimension, Of the 18 subjects recewmg predxscrimination of
,the ellipses, all but two made legs than 5 errors, and the other two sub- -

jects.made 6 and 7 erro'x‘s. Similarly, during discrimination training of

§ ST
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" the 1rre1t.vant geometric fxg‘urcs, 15 of the 18 subjects made less than 6
errors, and the other three subjects made'8, 9, and l0%rrors. '
*
« . ; . N

Training Results” o

Subjects! traPning perforrnances for the three e‘ilipse-response posi-
tion ‘points were analyzed to insure that any test differences were due to
experimental variables and not to artifacts of sampling. Since all subjects
received the same traiNing, there should be no difference between errors
to criterion~or trials'to cxiterion fpr the training ;erfonmances. All, sub-
_]ects made very few erfors during the cue delayerrorless traxmng, with
seven sub_]ects making no errors. Only one sub_]ect was re_]ect‘ed for error-
“ful performance by making more than 10 errors durxng, errorless training,

-tests comparing group error means and trials to criterion showed there
were no differences between the pre..(hscrxmxnatxon “and nogprddisc rxmxnatxon ,
groups or between the ordered and unordered groups during training. This
: homogenexty of group training performances allowzd zmy later differénces
in test performances to be attributable to experxmental variables and not
to uncontrolled group dxfferegces- I‘f, for examplc the orde red test was
learned more quxckly than the unordered, then shis test difference would °
reveal a realdifference between the tests and not,a ddfqr:nce resultxng
from the ordered test subjects being pre-experimentally faster learners
thah the unordered-test subjectg. .o o s
3 . : ~ .

- t‘ N
Tést Results for Nontrained Stimulus

.. . - ..

Individual data. Individual results for the ordered &s.nd unordered . .

tests are shown in Flgures 4, 5, 6, and 7. Each of thesq,frequency graphs .
shows the response locations for the test ellxpses 52 and S4. Since the
traxning elhpses, Sl, S3, and SS, continued to control the a“pproprxate
traxned rgsponses_ during this te stmg, period, xndwlduaI portrajts of the v
controlling relations for these stimuli were unnecessary. .As an example
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*  of plotttd response tnpographies for S2 and S4, refer to subject #19 .
(F'igure 4), who recewed the ordered test with rein.forcement contmgent -
" on a response to area 2 for S2 and area 4 for S4. ©on the first presenta-
tion-of S2, this subJect reﬁonded incorrectiy to area’'l. This event is
represented' on the S2 graph, where it is plotted at the coordinates of
_area l on the abscxssa and §timulus presentation 1 on the ordinate. On
the second presentation of S2, this subJect;napped correctiy to area.2, ¥
which is represented by a point at the intersectxon of.area 2 and presenta-
- tion 2. On the first and second trials of S4, #19 responded to area s both. '
times, but corrected himself by the third trial with a response"to area 4.
. 'IheSe Fesults are recorded by plotting on the S4 graph above.area 5 at
) stlmulus presentation 1, above area 5 at stimulus presentation 2, and -
i above arga 4 at stignulus presentation 3. The remaining test stimuli ‘
~ - trials show therc were no further errors. By counting the points that
vary i'rom the appropriate areas 2 and 4, an error ‘count can be made; in .
( this instance subject ﬂl9 made 3 ex:gors. This d\spersion of dots irom the
" appropriate positions indicates the number of errors to criterion for each

subject.
A

) "Inspection‘of allthe graphs -xfevea'is variability bet\w;een subjec;ts.l as R
__well as a lack of any apparent difference between preducriminghon ahd
nonprqdiscrixmnanon {compare Figure 4 with 5 and 6 with 7). For exam-
" ple,. for the ordered test, regardless of prior experimentai training, there.

were few errors except for the two prediscriminatio'n subjecta #29 and #2

and the two nonprediscrimination subjects #17 and #6. This same simiiant}"
across predisc rimination and nonprediscrimination groups holds for the
TUnordered test where the nonprediscrimination subjects #5, #13 #14, #30,
and #32 all show numerous errors to criterion and this dispersed response

' pattern is slso evident for a number of prediscnmxnation subjects, #4, #9, - ’*——"“
#10, #23, #28, and #3440 . ' |
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Altho%h pretraxmng had no apparent effect, there is a dlffercnce be-
tween test condxthns.. -'Ihe unordered test (Figures 6 and 7) resulted in. '
R more errors and more trials to criterion than dxd the ordered .test (Figures
5 d4and 5). In fact, 8 of the 18 sub,)ects who had thc unordercd test were .
. unable to reach test criterion, whereas only 2 of those who had thc ordercd ,
. .tes‘ failed to comiplétt it, {In Figures 4, 5, §, and 7, the subject number "
is underlined to indicate those who never reached crxtcnon.) 'I'hus, it .
appears that the unordefed, nohcontlnuous test problem was more difficult
than the ordered test, re&ardless of prior cxpcnmcntal‘dxscrmnnatlon

tralnlng . « .

< Close examination of the individual graphs also reveals that during
early test trials, responses to the trained positions clusest to tht. inter- *
mediate position wc re most fypical. On the- first 52 trial, 92% of the sub~’

jects responded.to® thc training positions 1 and 3, Of thc 36 subjects, 19

<5

responded toarea 1, 14 to area 3, \only 2 chose positlon 5, and 1 touched
. area 4, On the first §4 trial, 97"( of the subjects. respondcd to the tra.mng, ™
) pOsxtlons 3 and 5 with 27 sxleects responding to area 5, 8§ to area 3, anll

Mly 14 subJect showmg early trial mapp:ng to arca 4, ’ . . . o

Wncn tesponding fmally broke_ from\thesc trax@zd resporse topog ra-

phxcs, there was no 1mmed1ate tcndcncy to- map responses along a cén-
tmuum. Thcrc was no tendcncy for an grea,2 response to S2, nor for an
arca 4 respunsc to S, Spcmncaliy, the {irst response to a nontraxncd
arca during. $2 was, arca 2 for 58% of tue sub,)ccts and area 4 for 4210. %
Similarly, during S, thc first response after the brcak from traxmng
nEt topdg raphies wa's to arca 2 for 50% of the suchcts and.arca 4 for the othcr
half. Clearly, rcsponsc mappxng, or an ordcrly correspondence bctween
novel stimulus and response points 44 not emerge t‘nll blown without

S A S S . SR

* training, . ' A . . 8

. x

. N »
Mean érror data. The data for c,[rors on.test stimuli. were reduced

to group means ‘and plotted to indicate avcragc trends, In. Fu,ure 8 the
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. The difference between the ordered and unordered sts appears *
significant across both prediscrimination and no prediscrimination,”

< This relationship Is gupbed for the test mmuh'on!y and for all d’lt
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effects of pretraining and !u%ndi!ion ¢orrvborate what the individual ~~
. d.ata Yevealed. P!-etraiz;w, had no differential e(fect, buuhe unordered
r

test produced more err and. therefore, was more dxffu:ult 1o learn N

U
It
PR

than theé ordered test, - T

N
*

Amlysis of variance. A twb-way analysis of varjance on errors to

Jest stimuli 82 and S4 supeorts the above conclusions, Neither prctrain~
ing nor the interaction of thd variable thh the !wo diffcrent test. conthtxons
showed even a ghmmer of sx.\,mhcance, whxlo.. the analysxs of the difference o

betwu.n the two test condmons proved to be sxgmfxcant afthe‘ 01 level of Vi

probabxhty. . CoW ’
. ' "\ . 4
'I‘Jt. Results for All Sumuh - * . ¢
L]
‘o .

O e Summary graphs of thc tesum: data show the percentages of total re-

sponses at cach response position during ‘each of the five snmuh. Each

point indigates thc degree of control by one of the five stmmh over re-

\ sponding to that posxnon. Ini F)gure 9a these pcrcentages are plotted [or
all tes! trials, In order to trace the development of stimulus control’ by .

the ne\# mtcrmuhate test stimuli §2 and §4, the first 15 trials were plotted

in Fxgurc 9befor comparison with 3,raphs of all. te,st trials, 7%

. H

Tflcse graphs show the continued stimulus control by the traininé
2 \
stimuli, especially the end values. For gxample, 1009 'o of the responses .
during S1 were at the appropriate position 1, and Q5 e o£ the responses

during S5 werc at the appropnatc position § (Fx;,ure 9a). Across all the

*  graphs, S§3 dcmonstrates less con!rol to its corregponding response posis

tion thanithe end !rammg stirnuli, as would be expe‘cted based on the simi-
lanty S3has thh hoth’ mtermedia!e test stimuli §2 and sS4,

L) .

s Since the unordt.red test took longer bo learn than thc ordercd,.there

.

is evidence that, rqgardléss of experlmenlal pretraining, subgects we?

able to learn a continuous reper!oire more rapidly than five unrelate

- v
* . . -
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,astim}xll:xs arid‘ response pairs. A compariéon of early test irials;may eluci-
. * date reasons for this diffex:cnceiin lcarnihg rate. One might have expected
. that the.delgy in learnmg the unordgred prdblem is ducto a tendency to .

. order respg:x% along the stimulus continuum. The early, unordcred test
fesults compared to the ordered test (Figure 9b) shows nnly that the unor- .
,dered produced more.persxstcnt respondinly to trammg positions.  Specifi-
ca:Ity, :n the first 15 tx;xals the unordered problem shOWS..the%gr.eat\est pro-
,portionAof responses during S2 to area 3 ang du'ring S4 to area 5; whefeas

. the ordered ’pr'oblcm. even within the first 15 trials, is learned more quickly
with, for the most part, the new stimuli, S® and 54,' controlling appropriate
mtermedxate responding. These data again mdxcate that mappmg responses
to a stimulus continuum must be le¢arned, and that it is ea'éier to learn a_ :
response order in accordance with a stimulus prder rather than separate,

. . ” . LY
, noncontinuous stimulus and response pairs.

5

i
L4

. - Discussign . P
N N
" When conditions are right, a finc-gra.“incd or continuous re~pcrtoirc
develops rapidly., The right conditions seem to be presence of discrimi-
nated feedback and limited extinction to new points along the stimulus and,
response continua. The prescéxf data showed that after errorless {raining
of a few stimulus and response points with discriminated dimensional feed~
bgck, subjects were able to learn new stimulus and response points that d
were continuously ordered (S2-R2 and S4-Rd4) with fewer err}ors and thus
morc rapidly than subjects who learned new snmulus response points that .
were unordercd (S2-R4 aud S4 R2). This difference demon%rated a con~
t.nuous repertoire smcc the ordered points should be easier to learn to the

extent that conditions conducive to a continuous repertoire were present.

The data suggested that each new poinf in a continuous repertoire myst
v be trained. After training three responses to three stimuli from stimulus

and response continua, early trials of the new ingermédiate stimuli failed

1
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to show intérmediate respondmg. Only after remforcmg intermediate

Tesponses -in-the presence of intermediate stimuli did this finer response .

mapping to.the stimulus contmuum develop. ._ R t :

,
i . . a

5 Int\ntxvely, it is cofnpell,mg to expect the emergence of intermediate

. " responding to intermediate stimuli after trainmg a few representatwe

points from stimulus, and response dimensions. However, _the pr_esent -
findings are most compatible thh the usual inte rpretatxon of stimulus

. --— ~—cofifFol regults when a single response is used. pWhen a stimulus is varied,
as’in tests of stimulus genera'lization, the rate of the response may de-

crease from the ‘rate found in training; but there has been no provis;on in
stimulus control theory for the response to vary as_the stimulus vaxqe's’ﬂ‘

. from the original tramed value. This study. as well as earlier studies»

_._Massessmg ififermediate responding, provoke no revision of the traditxonal -
] > =

. view of stimulus control, : ¢

‘o -

P The fogus~of thxs study can be contrasted with previous attempts to

.

show a continuous repertoire. Earher research addressed itself,to mneas- .
v 4 urzng the extent to which nontrained, intermediate stimylus and response
' assoctatxons were learned durmg original training of a few representative
»pomts from stxmulus and response continua. Testing in extifiction.then
would show intermediate responding to intermediate stimuli if it had been

. acquired without explicit training during origidal training., But none of

Y

e the research found thig, emergence of fine-grained continuous repertoires;

.

— inst_e‘ad, mtermediate _stimuli euoked only those topographies that had been

‘xrectly trained. vaen that a fine-gramed continuous repertoire must

43

be trained, the present research asked a different question--under what
conditions would the acquisition of a continuous repertoire be rapid? With

.- this focus, a learning test or testing with reinforé‘ement was necessary.
The learning test showed that with an errorless training procedure_and )
dimensional feedback ordered stimulus and response points are easier

. tolearn than unordered ones. Since all continuous repertoires are

.
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,characterized by the correspondence of ordered stimulus and response

R °
S [P S

pomts. or the orderly scaling of responses to a stimulus contmuum. “what
may be ledrned in training 1s a concept of stlmulus and response order

R

which, along with, dn‘nensxonaI feedback for adjustlng responses, §peeds

- ap laler learnxn:: of new points from the contmua. . -~ .
. . ) : ‘ L

Ewven though thc:present study ysuccessfully demonstrated.the rapid
) léarning of a c.t;ntinuous repertoire, if failed to determine thé extent to
\_w_l.xi;:b_d‘iscraiminatfo'n tra;ning of the stimulus contin\iun\ alone affected
.acquisitién rate. The data show that preiréining had no differential effects.
Subjects wmthout discFimination training dearned the ordered test as easily,

and the unordered test with the same difficulty, as those sub_)ects with pre-
discrimination training., Since the’dxfference between the ordered and un-
ordered tests indicates continuous repertoire development, a continuous
relationship was learned rapidly, even without relevant prediscrifnination
training. But ptetraining of \valdes from the stimulus continuum may still

be a necess{ary condition for leernxng a continuous repertoire since it is ’ oo
apparent from the few pretraining errors that these ellipse values were

already discriminated. If the d1s<.:Dr1m1natxon had been more diff:.cux.., then

perhaps differential pretraining would have resulted in rapid learning of

new points for the prediscrimination group only. .

-

The present study emphasizes the potency of prediscrimination train- .

ing under optimal conditions for rapid learning, that is, under errorless .

traimng. these other two conditions, to varying degrees, may affect con-
tinuous repertoire development. Since extinction of.intermediate responses )
and extensive traimng may hinder the later learning of intermediate stimu-

o lus and response pomls. the present study lessened this possibility by using
errorless training, It is hardly surprising that earher research failed to Lo
show appropriate new responses during,tests with novel stimuli because

these responses were extinguished during training and extensive training

\ B »

NS

. { b . .




anchored responses to trained topographies. In the present study, exror- :
less trammg, £or the most_pt.rt,._prevemed' errors during trammg to inter~- '

e s Lo

mediate responses, as well as speeded up training. With no extinction of

novel, intermediate respom,es and a reduced tendency, for stereotyped

responées through q‘uick training, the probability of intermediate respond-

mg was not reduced and, consequently, later learmng of new, intermediate

values could occur more rapidly. Howeve r, errors may in fact significantly

+  .facilitate leayning if discriminable feedback is provided, Inthe presént

. -experiment if learni;lg. had proceeded with errors and each error had pro-

¢ - *
duced dimensional.feedback, then under these conditions Subjects cduld ~:_ -

have "learned from their errors. " They could learn how wrong or how

nght each response was and ad_)ust subsequent responding accurately. The

significance of this kind of feedback should not be overlooked, yet its func-

. Hon in the experimental analysis of £1ne~gramed repertoires remam_s\ un- .

)explgred. . - . ‘ .

"ERIC . R .

PAruntext providea by enic [l ‘




) \ . B R .
R B .
\‘(\ T -
- * ” - ’ ~ Ad
. b=y ”~
! -
. .. _ References e
< oo >} 4 . v - ‘:; *. T
i g . B ’ <. )
Boakes, R. A. Resp_onsgﬂﬁontinui(y and timing behavior., 1n R’. M. Gilbert
. & N.-S. Sutherland (Eds.), Animal discrimination learning! New York: )

Academic Press, 1969,

. ¢ .
. .
s

Cohen,-M. The role of S~ responding in discrimination learning, ’Unpub-
lished doctoral dissertation, University of Pittsburgh, 1967,

. . . - . . o
Herrnstein, R. J., & van Sommers, P, Method.in sensory scaling with

" adimals, Science, 1962, 135, 40-41, N .
v ~ ~ ‘ .
Holland, A., & Matthews, J. 'Application of teacfiing machine concepts to
. * speech pathology and audiology. Asha, 1963, 5, 474-482, X )
« <> .

r) - 1 . .
Holland, J. G., & Skinner, B. F. The analysis of behavior. New York:
McGraw-Hill, 1961, "

° '

Migler, 'B. Effects of averaging data during stimulus generalization.
Journal of the Experimcntal Analysis of Behavior, 1964, 7, 303-307.

. N ’ - . . : *
Moore, R., & Goldiamond, I. Errorless establishment of visual'discrimi- «
nation using fading procedures. Journal of the Experimental Analysis

of Behavior. 1364, 7. 269-272, *

2 LY

»
[}

Powers, Rv B., Chengy., C. D. p & Agostino, N. R, Errorless training ‘
f a visual discrimination in preschqol children, ,Pszchological
Record, 1970, 20, 45-50. . . :

Y

Terrace; H.”S.\ By-products of discfimination learning.' In G. N, Bower .
(Ed.), The psychology of learning and motivation (Vol. 5), New York:
‘Academic Press, 1972, i - )

“Touchette, P. E., Trénsfer of*stimulus control; m-?ﬁiﬂféﬁéﬁen‘tﬁfw
transfer. Journal of the Experimental Analysis of Behavior, 1971, 15,
347-354, R "

- LEY

'Wildcn}ann. D., & Holland, J. G. Control OE“a continuous response dimen- .t
sion by a continuous stimulus dimension. * Journal of the Expefimental
Analysis of Behavior, 1972, 18, 419-434, Lo s e T

Y
LI
2 [

. v ’ 0 - * LY

(A e

kY

. .
» . » - °

ERIC B .

Aruitoxt provided by Eic:




